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"C!ABLB WITH A COATING LAYER MftPB FROM A WASTE MATERIAL" 

The present invention relates to a cable with a 
coating layer made from a waste material. 

More particxilarly, the present invention relates to a 
cable including at least one core comprising at least one 
transmissive element and at least one coating layer, said 
coating layer being made from a coating material 
comprising at least one polyethylene obtained from a waste 
material . 

Moreover, the present invention relates to a process 
for producing said cable • 

For the ptirposes of the present description and of the 
siabsequent claims , the term ^core" of a cable is used to 
.indicate a semi -finished structure cott^rising a 
transmissive element, such as an electrical energy 
transmissive element, an optical signal transmissive 
element or an element which both transmits both electrical 
energy and optical signals, and at least one electrical 

* 

isolation or, respectively, at least one containment 
element (such as, for example, a tiibe, a sheath, a 
microsheath or a grooved core) , or at least two elements, 
one of which is an electrical isolation element and one is 
a containment element, arranged at a aradially outer 
position with respect to the corresponding transmi^ssive 
element. • 

For the purposes of the. present description and of the 
subsec[uent claims, the term ^^electrioal energy 
transmissive element is used to indicate any element 
capable of transmitting elect ri<;al energy such as, for 
example, a metallic conductor element. As an illustrative 
example, if we consider a cable for transporting or 
distributing medium/high voltage electrical energy (where 
medium voltage indicates a voltage comprised between cibout 
1 kV and about 30 kV, wher-eas high voltage indicates a 
voltage greater than about 30 kV) , the ^core'' of the cable 
further conprises an inner ^emiconductive coating layer 
arreuiged . at a radially outer position with respect izo the 
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conductor element, an outer semioonductiv^ floating layer 
azrranged at a radially outer position with respect to *he 
electrical isolation element, a metallic -screen arranged 
at a radially outer position with respect to ^aid outer 
semiconductive coating layer, and an -external layer 
arranged at a radially outer position with respect to said 
metallic screen. 

For the purposes of the present description and of the 
subsequent claims, the term •optical signal transraissive 
element* is used to indicate axxy transmission element 
comprising at least one optioal fibre. Therefore, such a 
term identifies both a single optical fibre and a 
plurality of optical fibres, optionally groxjped together 
to form a bundle of optical fibres or arranged parallel to 
each other and coated with a common coating to form a 
ribbon of optical fibres. As an illustrative example, if 
we consider an optical cable the ^core" of the cabl^ 
fixrther comprises a coating layer arranged at a radially 
outer position with respect of the grooved <:ore, a tensile 
reinforcing layer at a radially outer position with 
respect to said outer coating layer, and an external layer 
arranged at a radially outer position with respect to said 
tensile reinforcing layer. 

For the pxirposes of the present description and of the 
subsequent claims, the term ^mix^d electro-optical 
transmissive element is used to indicate any element 
capable of transmitting both electrical energy and optical 
signals in accordance with the aboveroentioned definitions - 

For the purposes of the present description and of the 
subsequent claims, the term ''coating layer" means any 
coating deposited on the transmissive element of a cable 
for protective purposes, e.g. to preventing the damages of 
the transmission element due to mecheuiical stresses during 
manufacturing, installation and use. 

The present inventions also refers to cables provided 
with a plurality of cores as defined above, known in the 
field with the terms ^bipolar -cable'' , '^tripoleut: xsable'' and 
^multipolar cable'', depending on the number of cores 
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incorporated therein <in the mentioned cases in number of 
two, three, or greater, respectively) . 

In accordance with the abovementioned definitions, the 
present invention refers to cables provided with one or 
5 more cores of any type . In other words , the present 
invention refers to unipolar or multipolar cables, of 
electrical type for transporting or distributing 
electrical energy, or of the optical type <<:omprising at 
least one optical fibre, or of the mixed 

10 energy/ telecommunications type- 

Nowaday, the possibility of using polymer obtained 
from waste materials for the manufacturing of new 
products, is a problem of incz^easing importcm.ee -for 
ecological reason and for reducing costs. 

15 In the field of cables, some efforts have been already 

done in order to use recycled polymer materials, in 
particular polyvinyl chloride or ethylene polymers 
obtained from waste cable sheaths . Said recycled polymer 
materials are generally useld for making cable <!oating 

20 layers. 

For example, JP 2002/080671 discloses a polyvinyl 
chloride-based recycled plastic conposition obtained by 
mixing and melting covering plastics and sheaths of waste 
cables containing: (A) polyvinyl chloride and {B) 
25 polyethylene or silane-crosslinked polyethylene, with 
chlorinated polyethylene. The adx>vementioned polyvinyl 
chloride -based resin is said to be useful for making <7able 
sheaths. 

JP 2001/098124 relates to a thermoplastic resin 
30 composition and to an electrical cable covered with said 
composition. The thermoplastic resin composition 
comprises: (A) 1-99 parts by weight of a resin conqposition 
containing a polyvinyl chloride resin and a polyethylene 
resin, said polyvinyl chloride resin auid polyethylene 
35 resin obtained from waste electrioal cables; and -(B) 1-99 
parts by weight of a multiphase graft corcpolymer 
containing (i) 5%-99% by weight of thermoplastic 
elastomeric imits and (ii) l%-95% by weight of vinyl 
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polymer imits where one of the units form a dispersed 
phase with a particle size of between O.OOl ^m-10 jim in 
the other units. The abovementioned resin composition is 
said to have a good flexibility and processability when 
used as an insulating layer or sheath for a cable . 

JP 2002/363364 relates to a recycled polyvinyl 
chloride resin composition conprising a plasticizer having 
a molecular weight of at least 500 such as, for example, a 
trimellitate-based, a polyester-based or an epoxy-based 
plasticizer. The abovementioned conposition is said to be 
useful as covering materials for electrical cables. 

JP 2002/363363 relates to a recycled polyvinyl 
chloride -containing resin composition and to an electrical 
wire or cable made therefrom. Said conposition comprises 
100 parts by weight of a 99:1 to 70:30 mixture of a 
polyvinyl chloride resin whi-ch typically is a recycled 
material and a polyolefin resin, and 1-20 parts by weight 
with respect to 100 parts by weight of said mixture, of a 
block copolymer of an acrylic polymer auid a hydrogenated 
polybutadiene in a ratio of 50:50 to 10:90. The 
abovementioned composition is said to be usefiil as a 
covering material for wires and cables. 

JP 2002/103329 relates to a method for recycling used 
vinyl films (e.g. polyvinyl chloride films) for 
agriculture. The method comprises cutting the used vinyl 
films roughly; removing impurities such as metals suid sand 
from cut pieces; feeding dried fluff obtained by grinding, 
washing, dehydrating, and* dirying said pieces, a 
plasticizer, a heat stabilizer, coid other additives to a 
heater mixer; keading them; feeding the mixture in a semi- 
molten state to a cooler mixer; stirring it feeding it to 
an extruder; extruding it \mder heated conditions; passing 
trough a water bath; and pelletizing it. The obtained 
pellets are dried to form a conpound for molding the 
electrical cable sheath material. Said electrical cable is 
said to have good properties comparcible to a cable having 
a virgin polyvinyl chloride sheath. 

However, the use of recycled polymers may show ^ome 



wo 2(K>5/041214 PCT/E]ra003/010812 

5 

drawbacks. In particular^ the Applicant has noticed that 
the use of recycled polyethylene may provide coating 
layers having poor mechanical properties, in particular 
stress at break and elongation at break, and poor 
5 environmental stress cracking resistance, with 3Despect to 
those obtained from virgin polymer materials. Moreover, 
said coating layers may show poor appearance , mainly due 
to the formation of defects on their surface such as, for 
example, little agglomerates, which in5>air not only their 
10 appearance cuid smoothness but also their mechanioal 
properties. 

The Applicant believes that the above drawbacks may be 
due to partial degradation of polyethylene upon prolonged 
exposure to sunlight and to atmospherical agents, eu:id/or 

15 to reprocessing to whioh said polyethylene is subjected, 
such degradation causing worsening of mechanical 
properties and prpcessability. 

Applicant has found that a polyethylene obtained from 
waste material, in particular a polyethylene obtained from 

20 used agrictiltural films, may be advantageously used for 
the manufacturing of a coating layer of a csdDle. In 
particular, the Applicant has foimd that the addition of 
at least one polyethylene having a density higher than 
0.940 g/cm^ to said recycled polyethylene, allows to 

25 obtain a coating material able to overcome the eJbove 
mentioned drawbacks. As a matter of fact, said coating 
material may be advantageously used in the manufacturing 
of a coating layer of a cable, said coating layer showing 
mechanical properties (in particular, stress at break and 

30 elongation at break) con^arable to tliose obtained from a 
virgin polyethylene. Moreover, said ooating layer shows a 
good hot pressure resistance. Furthermore, said ooating 
layer shows an improved environmental stress cracking 
resistance with respect to the coating layer obtained from 

35 a recycled polyethylene alone. 

In a first aspect, the present invention thus relates 
to a cable including at least one core comprising at least 
one transmissive element and at least one coating lay^r 
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made from a coating material, wherein said -coating 

material conprises: 

at least a £irst polyethylene having a density not 
higher than 0.940 g/cm^, preferably not lower than 
0.910 g/cm^, more preferably of between 0.915 g/cm^ g^ prl 
0.938 a/avc?, and a Melt Flow Index (MFI) , measured at 
190^C with a load of 2.16 Kg according to ASTM D1238- 

00 standard, of between 0.05 g/lO' and 2 g/10' , 
preferably of between 0.1 g/lO' and 1 g/lO', said 
first polyethylene being obtained from a waste 
material ; 

at least a second polyethylene having a density higher 
than 0.940 g/cra^, preferably not higher than 0.970 
g/cm^, more preferably of between 0.942 g/cm^ and 0.965 
g/cm'. 

Preferably, said coating layer is a cable external 
layer having a protective function. 

According to a further aspect, the present invention 
also relates to a process for producing a cable including 
at least one core conprieing at least one transmissive 
element cuid at least one coating layer made from a coating 
material, said process ^comprising the steps of: 

providing at least a first polyethyl^ene having a 
density not higher tban 0 . 94 0 g/cm^ , preferably not 
lower than 0.910 g/cm^, icK>re preferably of between 
0.915 g/cm^ and 0.938 g/cm', and a Melt Plow Index 
(MPI) , measured at ISO'^C with a load of 2.16 Kg 
according to ASTM D1238-0O standard, of between 0.05 
g/10' and 2 g/10', preferably of between 0.1 g/lO' and 

1 g/10', in a subdivided form, said first polyethylene 
being obtained from a waste material; 

- providing at least a second polyethylene having a 
density higher than 0.940 g/cm^, preferably not higher 
than 0.970 g/cm^, more preferably of between 0.942 
g/cm^ and 0.965 g/cra^, in a s\ibdivided form; 

- conveying at least one core comprising at least one 
transmissive element into an ^extruding apparatus 
comprising a housing and at least one scr^w rotatably 
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mounted into said housing, said housing including at 
least a feed hopper and at least a discharge opening; 
feeding said first and second polyethylenes to isaid 
extruding apparatus; 
5 «- melting and mixing said first and second polyethylenes 

in said extruding apparatus to form a homogeneous 
mixture; 

f ilteringr said mixture; 

depositing said mixture onto said core coit^rlsing at 
10 least one treuismissive element so as to obtain the 

coating layer. 

For the purpose of the present description and of the 

subsequent claims, the expression ^'in a subdivided form", 

generally means a product of granular form, with an 

15 average diameter generally of between about 0V5 mm eind 

about 5 mm, preferably of between 1 ram and about 4 vm, 

more pref-erably of between 1 . 5 mm and 3 mm. 

Preferably, said extruding apparatus is a single- scarew 
extruder . 

20 Preferably said melting and mixing is carried out at a. 

temperature of between 150 «C and 250 ^C, more preferably of ^ 

between 120 ^'C and 230^C. 

According to one preferred embodiment, said first 

polyethylene and said second polyethylene are premixed 
25 before the step of feeding them 4:o the extruding 

apparatus . 

According to one' preferred embodiment, said czoating 
material may further <3oniprise a <:arbon black. 

According to a further preferr*ed embodiment, said 
30 first polyethylene has a melting point lower than 130 
preferably of between lOO^C and 125°C. 

According to a further preferred embodiment, eadLd 
first polyethylene has a melting enthalpy <AHai) of between 
50 J/g and 150 J/g, preferably of between 80 J/g and 140 
35 J/g. 

Said melting enthalpy (AHa) may be determined by 
Differential Scanning Calorimetry with a scanning rate of 
10<»<:/min: further details r^egarding the analysis method 
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will be described in the exani)les given hereinbelow. 

Said first polyethylene may further comprise a <7arbon 
black. "Generally, said casi^on black may be pa?esent in the 
polyethylene in an amount higher than 2% by weight, 
5 prefereUDly of between 2.5% by weight and 4,0% by weight, 
with respect to the total weight of the- polyethylene . 

Said first polyethylene may be selected from low 
density polyethylene (UDPE) , linear low density 
polyethylene (LIiDPE) , vesry low density polyethylene 

10 (VLDPE) , or mixtxires thereof. Mixtures of low dexisity 
polyethylene with a email amount of linear low density 
polyethylene , preferably an amount not higher than 15% by 
weight with respect to the total weight of the 
polyethylene, are particularly preferred. 

15 According to one preferred embodiment, said first 

polyethylene is present in the coating material in axi 
amount of between 30% by weight and 90% by weight, 
preferably of between 40% by weight and 60% by weight, 
with respect to the total weight of the coating material. 

20 Exainples of said first polyethylene which may be iJtsed 

according to the present invention and which are currently 
commercially available are the products coming from xjH^d 
agricultural polyethyl-ene films (e.g. the prodi2cts 
Alfa ten"* from Alf agran) • 

25 According to one preferred embodiment, said second 

polyethylene has a Melt Plow Index (MFl ) , measured at 
190 «C with a load of 2.16 Kg according to ASTM D1238-00 
standard, of between 0,05 ^/lO' and 2 g/10', preferably of 
between 0.1 g/lO' and 1 g/lO' . 

30 According to a ft^her preferr-ed embodiment, said 

second polyethylene has a melting point higher than 120®<:, 
prefered>ly of between 125«*C euid 165**C. 

According to a further preferred embodiment, said 
second polyethylene has a melting enthalpy (AH^) of 

35 between 125 J/g and 200 J/g, preferably of between 130 J/g 
fiuid 185 J/g. 

Said melting enthalpy (AS^) may be determined by 
Differential Scanning Calorimetry as disclosed above. 
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According to a f xirther preferred embodiment , «aid 
second polyethylene is a polyethylene obtaizied from waste 
material. Optionally, said polyethylene obtained from 
waste material comprises a small amount, preferably an 
5 amount not higher than 1S% by weight wit:h respect ^o ^he 
total weight of the polyethylene, of pol^ropylene . 

According to one preferred embodiment, said second 
polyethylene is present in the <roating material in an 
amoirnt of between 10% by weight and 70% by weight, 

10 prefereibly of between 40% by weight anjd 60% by weight, 
with respect to the total weight of the <:oa^ing mat:erial. 

Bxanqples of said second polyethylene whioh may be used 
according to the present invention and which are currently • 
commercially available are the products DGDK-3364* Natxoral 

15 from Dow C9iemit:;al, or the produtcts coming from used 
polyethylene bottles (e.g. from Breplast) . 

In order to protect the coating material from UV 
degradation said coatiing material, as reported above, may 
further conprise carbon black. PrefercQDly, the oarbon 

20 black is added to the coating mat:erial in an amount of 
between 2% by weight and 5% by weight, preferably of 
between 2.5% by weight and 4.0% by weight, with respect to 
the total weight of the coating mat:erial. The oarbon blacfk 
may be added to the coating material as such or as a 

25 masterbatch in polyethylene. Masterbatch is particularly 
preferred. 

Other conventional additives may be added to the 
coating material according to the present invention such 
as, for exanple cuitioxidcuits, processing aids, ItdDriceuntis, 

30 pigments, foaming agents, plasticizers, UV stabilizers, 
f lame-retardants, fillers, thermal stabilizers, or 
mixtures thereof. 

Conventional antioxidamits suitable for the pvirpose may 
be selected from antioxidants of aminic or phenolic type 

35 such as, for example: polymerized trimethyl- 
dihydroquinoline ( for exatrple poly-2 ,2,4 - trimethyl -1,2- 
dihydroguinoline ) 4,4* -thiobis - < 3 -methyl - 6 - 1 -butyl ) - 

phenol ; pentaerythryl-tetra- [3 - (3 , 5-di-t-butyl-4- 
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hydroxyphenyl ) propionate] ; 2 , 2 » - thiodiethyl^e-bis- 13 - 

(3 , 5-di-t^butyl-4-hydroxYphBnyl) propionate] , or the 
mixtiires tliereof. 

Conventional propessing aids suitcJDle for tlae piirpose 
5 may be selected, for exanple, from: calcium stearate, «zinc 
stearate, stearic acid, paraffin wax, or mixtiires tiier«eof . 

Conventional fillers suitable f or 4:he purpose may be 
selected, for exan^le, from glass particles, glass fibers, 
calcinated clay, talc, or mixtoires thereof. 
10 The coating material according to the present 

invention may be either crosslinked or non-orosslin)ced 
according to the required countries specifications . 
Prefercibly, said coating material is non- crosslinked. 

if crosslinking is carried out, the coating material 
15 comprises also a crosslinlcing system, of tho peroxide or 
-silane type, -for example. It is preferable i:o use a 
silane-based crosslinking system, using peroxides as 
grafting agents. Examples of organio peroxides that may l^e 
advantageously used, both as crosslinking agents or as 
20 grafting agents for the silanes, are dicurayl peroxide, t- 
butylcumylperoxide , 2 , 5-dimethyl-2 , S-di (t-butylperoxy) - 
hexane , di-t-butylperoxide , t-butylperoxy- 3 , 3 , 5- trimethyl- 
hexaiioat e , ethyl - 3 , 3 -di { t -butylperoaqr) butyrrate . Examples 
of silanes that may be advantageously used are (CIi-rC4) - 
25 alkyloxyvinylsilanes such as, for example, vinyl- 
dimethoxysilane, vinyl triethoxysilane, vinyldimethoxy- 
ethoxysilane . 

The crosslinking system may also comprise a cross - 
linking catalyst selected from tliose known in the art. In 
30 the case of crosslinlcing with silanes, for example, lead 
dibutyl dilaurate may be advantageously used. 

Said first polyethylene may be obtained from waste 
material as a product in subdivided form by means of 
processes Icnown in the ari:. For example, said product in a 
35 subdivided form may be obtained by means of a process 
conprising the following steps: 

(a) sorting out the impurities (suoh as, -for exanple, 
metal, paper, ect) optionally present in a waste 
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material (for example, by feeding said wast^ maberial 
to a conveyor belt and manually sorting out the 
impurities) ; 

(b) feeding the waste material obtained in step ^a) [{for 
exanqple, by means of the same conveyor belt used in 
step (a)]^ to a mill obtaining flalces having an 
average diameter generally of between about 0 . 1 <:m and 
about 2.0 cm; 

(c) washing the flakes obtained in step <b) in water and 
filtering the same in order to discard the inpurities 
having a density higher than 1 kg/1; 

(d) drying the flakes obtained in step (xz) 4tor e^canple, 
in a drying apparatus) with warm and dry air; 

(e) feeding the dried flakes obtained in step (d) to an 
extruding apparatus ooiiprising a housing and at l^ast 
one ^crew rotatably mounted into said housing, 
including at least a feed hopper and a discharge 
opening ; 

(f ) melting and mixing said flakes obtaining a homogeneous 
mixture; 

(g) filtering and granulating the homogeneous mixture 
obtained in step (f) obtaining a product in a 
subdivided form; 

(h) cooling the product in a subdivided form obtained in 
step(g) (for exanple, in water); 

(i) drying the cooled product obtained in step (h) <for 
exanc^ple, in a drying apparatus) with warm and dry air. 
Preferably, the homogeneous mixtures obtained in step 

(f) is fed to a second extmading apparatus to obtain a 
more homogeneous mixture. 

Preferably, said extruding apparatuses are single - 
screw extruders. 

Preferably, the greuiulation in step (g) may be carried 
out, by means of chopping or shredding the homogeneous 
mixture obtained in step (f) by means of <:utting devices 
known in the art. 

Further details will be illustrated in the following, 
appended drawings, in which: 
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Fig. 1 shows/ in cross section, an electrical arable of 
the unipolar type according to one embodiment of the 
present invent ion ; 

Pig. 2 shows, in cross section, an electrical oable of 
the tripolar type according to a further embodiment of 
the present invention; 

Fig. 3 shows, in perspective view, a length of cable 
with parts removed in stages, to reveal its •structure 
according to a f ur4;her embodiment of the present 
invention; 

Fig. 4, shows, in cross section, an opti<:;al caddie 
according to a further embodiment of the present 
invention; 

Fig. 5, shows, in oross section, an bpti<2al cable 
according to a further embodiment of t:he present 
invention; 

Fig. 6 shows, in perspective view, a length of an 
optical csLble with parts removed in stages , ^o reveal 
its structure according to a further embodiment of the 
present invention; 

Fig- 7a and Pig. 7b show respectively a side view atnd 
a partial plan view of a process line aocording to cMie 
embodiment of the present invention. 

Referring to Fig. 1, cable 1 <:omprises a conductor 2, 
an internal insulating ooating layer 3 and an external 
layer 4 which may be made acoording to the present 
invention. 

Referring to Pi^ . 2 , ^eible 1 con^ri^s three 
conductors 2, each one covered by an insulating coating 
layer 3 . The conductors 2 thus insulated are wound around 
one another and the interstices between the insulated 
conductors 2 are filled with a filler material that forms 
a continuous structure having a sxibstantially cylindrical 
shape. The filler material 5 is preferably a flame- 
retarding material. An external layer 6, whi<3h may be made 
according to the present invention, is applied, generally 
by extrusion, to the structure thus obtait^d. 

Referring to Pig. 3, oable 11 conprisee, in order from 
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the centre outwards: a conductor 12, an internal 
semiconducting layer 13^ an insulating coating layer 14, 
an external semiconducting layer 15, a metallic sca?een 16> 
and an external layer 17. 

The conductor 12 generally consists of metal wi3?es, 
preferably of copper or aluminium, stranded together 
according to conventional techniques. The internal and 
external semiconducting layers 13 and IS are extnaded on 
the conductor 12, separately or simultaneously with the 
insulating coating layer 14. A screen 1€, generally 
consisting of electrically conducting wires or tapes, 
wound spirally, is usually arranged around the external 
semiconducting layer 15. Said screen is then covered with 
an external layer 17 , which may be made according to the 
present invention. 

The cable may in addition be provided with an outer 
protective structure (not shown in Pig. 3) , which mainly 
performs the function of mechanical protection of the 
cable against impact and/or compression. Said protective 
structure may be, for exan5>le, a metallio armour or a 
layer of expanded polymeric material as described in 
patent application WO 98/52197. 

Pig. 4 is a sectional view of an optical <7able la 
consisting of an external layer 2a which may be made 
according to the present invention, a <:ertain number of 
tubes 3a of polymeric material within which are housed the 
optical fibres 4a, normally embedded in a packing material 
5a which has the purpose of preventing the longitXKiinal 
propagation of water in case of accidental rupture; the 
tubes containing the optical fibres are wound aroxmd a 
central support 6a normally made of glass- fiber reinfozxsed 
plastic and capable of limiting the thermal contractions 
of the cable (the stranding may be of the continuous or 
alternate type, commonly called S-Z) . Optionally, there 
may be inserted between the external layer 2 a euid the 
tubes 3a an interstitial packing material 7a capable of 
penetrating into the intersti<ses between the t:ubes and the 
coating, between one tube and *;he next, and between the 
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tubes and the support, in order to limit the longitudinal 
propagation of water inside the -cable. 

Fig. 5 is a sectional view of an optical <:abXe similar 
to that described in Fig. 4, with the differexice thcit 
5 inside the external layer 2a there is a tensile 
reinforcing layer 8a (for example a glaBS fiber or 
polyaramid fiber such as the product known cowraercially as 
Kevlar®) ; additionally, the tubes 3a <:ontaining the 
optical fibres are surroimded by a sheath of a polynusric 

10 material 2b having one or more layers, which tnay be made 
according to the present invention Additionally, according 
to the embodiment shown in T^ig. 5, the <:^ntral support 
comprises a core 6a, made for example of glass-fiber* 
reinforced plastic or similar materials, capable of 

15 limiting the thermal -contractions of the cable, and a 
coating 6b^ made for example of polymeri<2 material, such 
that it increases the diameter of the core to a value 
capable of receiving the desir;ed number of tubes woxmd 
around it, 

20 Pig. 6 is a perspective view of an optical -cable 11a 

according to the present invention in whi-ch the optioal 
fibres 13a are located in housings in a <:entral grooved 
core 12a made of polymeric material, which if necessary 
may be in contact with a suitabie psu^king 14a; the grooved 
25 core may optionally contain a oentral support made of 
glass- fiber reinforced plastic ISa. The grooved <;ore is 
therefore surrounded by a set of layers (16a, l€b) at 
least one of whi<:h may be made according to the pi^esent 
invention, and by a tensile reinforcing layer 17a which as 
0 been described above; optionally, the cable structure may 
also comprise a tape for the purposes of containment 
and/or protection of the fibers 18 a and a we t -expanding 
tape 18b (for example a polyester or polyamide tape filled 
with wet -expanding matejrial, such as sodium polyacrylate) 
5 for the purpose of limiting the longitudinal propagation 
of water inside the cable » 

Pigs. 1, 2, 3, 4, s sind 6 show just some possible 
embodiments of a -cable accordiiig to the pr^ent invention. 
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Referring to Pig. 7a and Pig. 7b, the main steps of a 
processing line for producing cables in axscordance with 
the present invention are shown in schematic form^ said 
process comprising the following steps: 
5 - a step of unwinding a core cotrprising at Least one 
transmissive element from a feeding r-eel and oonveying 
said core inside of the extrusion head of a giy^n 
extruder; 

a step of feeding a first polyethylene cuid a second 
10 polyethylene forming the coating layer of said cable 

into said extruder; 

a step of melting and mixing said first and second 
polyethylenes within the extruder, followed by the 
steps of filtrating the obtained mixtvire and conveying 
the filtrated mixture into the extrusion head where 
the coating layer thus obtained is deposi4:ed around 
the aforesaid core; 

a step of <:ooling the cable tihus produced, and 
a phase of collecting the finished <;able on a -reel . 
In the case where the coating material used is of a 
crosslinkable type, a crosslinking operation is proviiied 
upstream from the cooling stage. 

More specifically. Pig. 7a represents a scheroatio side 
view of processing line 20 referred ^:o above;, and Pig. 7b 
represents a partial plsui view of said line 20, in which 
the first stages of said process are shown. 

With reference to the aforesaid Pig. 7a and Fig. 7b, a 
core 21 conqprising a conductor, for -exanple .a oondtic^or 
made of copper, and an insulating coating layer, is 
unwound from a feeding reel 22 according to any known 
technique and conveyed towards the extrusion head of an 
extruder 23, for example an extruder of the screw 4:ype 
turned by a motor of conventional type (not repz?esented) . 
In Pig. 7b, a second feeding reel 22', in non- 
35 operating position, which substitutes first reel 22 once 
the unwinding operation of core 21 from said first reel is 
couple ted, is shown. 

Also shown in Pig, 7a is a system 24 consisting of a 
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plurality of pulleys and gears whose purpose is to ^nsui?e 
a regular amd continuous feeding of -the <2ore 21 to 
extruder 23, especially at tha stage where reel 22 is 
exhausted, and also a constant pull on oore 21^ at a 
5 predefined speed, so as to ensure loniform extrusi<Mi of 4:he 
cooating layer onto the core 21. 

In general the foirward speed of the -core is between 10 
m/min to 1000 m/niin. 

Simultaneously with the lonwinding of the core 21 from 

10 feeding reel 22, the first polyethylene, the seccmd 
polyethylene and the conventional additives optionally 
present in the coating material referred i:o above, aa?e £ed 
into the inlet of extruder 23 in a known manner, for 
example by mesms of a hopper 25. The first polyethylene, 

15 the second polyethylene and the conventional additives 
optionally present in the coating material, as reported 
above, may be premixed before being fed to the ^ct ruder, 
in a device upstream f^om the processing line represented 
in Fig. 7 a or Pig. 7b. The premixing of the first 

20 polyethylene with the second polyethylene and with *he 
conventional additives optionally present in the <2oating 
material, may be carried out, for example, in a Banbury 
mixer, in a twin-screw extruder, or during the process 'for 
obtaining the first polyethylene in a subdivi<le<i form 

25 eibove disclosed. 

Preferably, for the aim of the present invention, the 
first polyethylene, the second polyethylene and the 
conventional additives optionally present in the ooating 
inaterial, eire premixed in the extruding aj^aratus used in 

30 step (e) of the process for obtaining the fir^t 
polyethylene in a subdivided form above disclosed. 

Said first polyethylene, said, second polyethylene, and 
the conventional additives optioncJLly present in the 
coating material, as such or premixed, are charged inside 
35 of hopper 25 by means of sijction nozzles which <lraw the 
material directly from packing containers. 

Within extruder 23, Baid polyethylenes with ^he 
conventional additives cs>tionally present, are 
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homogeneously mixed and brought to plastif ication, i.^* to 
the molten state ^ by the work performed by the screw which 
pushes the coating material of the coat^ing layer ^ 
imparting to it, moreover, the pressure necessary -to 
5 overcome the pressure losses due to the presence of the 
various components which form the extrusion line. 

The obtained coating material is then subjected to a 
filtration step, which will be better described below, and 
in the final portion of extoruder 23 it is deposited on the 
10 core 21 so as to obtain the desired coating layer. 

In the shown embodiment, this cable is then 
subsequently subjected to a suitaJDle cooling cycle 
effected by moving the cable inside of a cooling chaixnel 
26 containing a suitable fluid, generally water at 
15 environmental temperature. 

Furthermore, in Pig, 7a is shown a system 27 for 
multiple passage of the cable in cooling -channel 26, this 
system consisting, for example, of a storage xmit for the 
processing line capable of guaranteeing an aacciimulation of 
20 cable on a scale sufficient to ensure a forward "speed of 
the cable that is constant cind equal to the preset value. 

This system 27 can also fulfil the function of making 
the cable thus obtained to follow a longer path within 
cooling channel in order to guarantee a more efficient 
25 cooling cycle of the cable itself. 

Finally, downstream from this cooling stage, the cable 
is dried by means of air blowers (not represented) and 
then wound onto , a collector reel 28 and sent to a storage 
area • 

30 The filtration operation of the coating material, 

plasticized and rendered homogeneous by said screw, is 
performed by meajis of the positioning of a filter pack 
dowmstream. from said screw, at the inlet to a connecting 
duct which links the extrusion head with the housing 

35 within which the extmsion screw is moved « 

The filter pack may corrprises one or more filter 
screens placed in series, generally three or even more 
filter screens, which are supported on a filter support 
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plate 32. 

It should be emphasized that the -cholx^e o£ *the nuihber 
and the type of the filter screens to be ueed in the 
filtration serstion of a production process i« marjkedly 
influenced by the chemical and physi<:al properties of the ^ 
coating material to be siabj acted to filtration. 

The process for producing a cable disclosed in Fig. 7a 
and in Pig. 7b, is described with reference to the <!ase in 
which it is required to make a . sizxgle core (unipolar) 
energy cable illustrated in Fig. 1 above disclosed. If 
different enesrgy -cable, or optical <iahl&, or mixed 
electro-optical cable, are to be produbced', the procees 
above described, may be suitably modify as well known in 
the art • 

The present invention is further described in the 
following exanqples, which are merely for illustration and 
must not be regarded in any way as ' limiting the inv^tion. 
EX;y!4PIiES 1-5 

Preparation of the coating materials 

Table 1 shows the characterization of the ^components 
used in the exanxples. 

The components were the following: 

recycled PE: mixture of 90% i>y weight of low 
density polyethylene and 10% by weight of linear low 
density polyethylene, conprising 2.5% by weight of 
carbon black, coming from used agricultural films; 
DGDK-3364* Natural: high density polyethylene from Dow 
Chemical ; 

recycled HDPE: high density polyethylene cotiprising 
10% by weight of isotctctic polypropylene coming f-rom 
used bottles (Breplast) ; 

DPDG 6059* Black: linear low density cable jacketing 
compound from Dow Chemical. 

The Melt Flow Index (MFl) was measured at 190 with a 
load of 2.16 Kg according to ASTM D1238-00 eteuidard. 

The density was measured, at 23 ^C, according to <SI 
60811-^1-3 standard. 

The melting point and the melting enthalpy idSm) were 
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measured by Mettler DSC instrumentation (second melting 
value) with a scanning rate of 10*=^<r/min {instrument head 
type DCS 30; microprocessor type PC 11, Mettler software 
Graphware TA72AT.1) • 

The carbon black content was determined by Mettler TGA 
instrumentation using the following method: 

heating from 20°C to 850 ^C at a soaxming rate of 

20°C/min in N2 (60 ml/min) ; 

leaving at 850 °C for 1 min in N2 (60 ml/min) ; 
leaving at 850 <*C for 10 min in air (60 ml/min) . 
The obtained data are given in Table 1. 



TABLE 1 



COMPONENT 


MFI 


Density 
(g/cm^) 


Melt:lng 
point 
CO) 


Melting 
enthalpy 
(J/gr-) 


Carbon 
black 
<%) 


Recycled PE 


0.45 


0.920 


121 

1 


110 


2.5 


DGDK-3364' 
Natuiiral 


0.70 


0.945 

• 


127 


160 




Recycled 
HDPB 


0.21 


0.960 

1 


131 


1S6 




DFDG 6059* 
Black 


0.60 


0.932 


-1 




2.€ 



The coating materials given in Table 2 (the amounts of 
the various components are expressed in % by weight with 
respect to the total weight of the coating material) were 
prepared as follows. 

Agricultural films were fed to a conveyor belt and the 
impurities present (metal, paper, ect) were manually 
sorted out. Subsequently, the films were fed, by means of 
the same conveyor belt, to a mill obtaining flakes having 
an average diameter generally of between about 0.1 cm and 
about 2.0 cm. 

The obtained flakes were washed in water and 
subsequently filtered in order to discard the ampiirH:ies 
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having a density higher than 1 kg/1. The flakes were 
subsequently dried in a drying apparatus with warm eucid dry 
air . 

The dried flakes so obtained, Vibatan* PE J^lack 99415, 
Anox* HB, DGDK* 3364,- recycled HDPE, in the amount given 
in Table 2, were fed to a first single-screw extruder in 
32 D configuration, with rotary speed of about €0 rev/min, 
with temperature in the various zones of the extruder of 
215-225-225-220-225-225^C, the temperature of the 
extrusion head was 220*>C. The obtained mixture was 
filtered (filter mesh: 180 jim) and sxibsequently fed i:o a 
second single-screw extruder in 32 p -configuration, with 
rotary speed of about 100 rev/min, with temperature in the 
Vcorious zones of the extruder of 128-1^7 -1^7-177-190- 
20€*»C, the temperature of the extarusion head was 20O<*C. 
The obtained mixture was filtered (filter tnesh: 110 jim) 
and siabsequently granulated with a cutting device having a 
rotatoiY blades obtaining granules having an average 
diameter of about 4 ram. 

The obtained granules were then cooled in water and 
dried in a drying apparatus yrith warm and dry air* 

TABIiE 2 



EXAMPLE 


1 (*) 


2 


3 


4 


5-(*) 


Recycled PE 


100 




56 


51 




Vibatan* PE Black 
99415 


1 

1 

■ 


3 


3 


3 




Anox^ HB 




1 


1 

-* 


>• 

1 




DGDK-3364* 

Nattiral 




i 
. 

4 


40 






Recycled HDPE 




• 

40 

* 




45 

< 




DFDG-60S9* Black 






• 




100 
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(*) : comparative. 

Vibatan* PE Black 99415: 40% dispersion of carbon black in 
low density polyethylene (VIBA <5roup) ; 

Anox* HE: 2, 2, 4-trimethyl-l,2-dihydr6quinoline polymer 
(Great Lakes Chemical ) . 

The obtained granules were subjected to the following 
analysis . 

Hot pressure resistance 

The hot pressure resistance test at 115 ®C was 
deteannined according to lEC 60811-3-1 standard. 

For this purpose^ plates with thickness of 1 nrni weTC 
prepared by compression moulding at 190 suxd -20 bar after 
preheating for 10 min at the same temperature. 

The obtained plates were subj*ected to a temperatxaare of 
115 ^C, under a weight of 475 g, for € hours. After/ their 
residual thickness was measured. The resistance to hot 
pressure test is the residual thickness ejqpressed as a 
percentage of the initial thiclmess. The obtained data ar^ 
given in Table 3. 
Hardness 

The Shore D hardness was determined according to ASTM 
D2240-03 standard. 

For this purpose, plates with thickness of 8 ram were 
prepared according to the process above disclosed. The 
obtained data are . given in Table 3 . 
Environmental Stress Crack Resistance (ESCR) 

The ESCR was deteinatined according to D-1693 standard, 
Cond. A. 

For this purpose, plates with thickness of 3 ram and 
cut thickness of 0.65 ram in the <;aBe of the -coating 
material of Example 1 (comparative) , and with thickness of 
2 mm and cut thickness of 0.4 mm in the case- of the 
coating materials of Examples 2-4 according to the prenent 
invention and of Example 5 (-comparative) , were procured 
according to the process above disclosed. The measurement 
was carried out at a temperature of SO^C in the presence 
of 10% Igepal solution. The obtained data are giv^n in 
Table 3. 
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TABI£ 3 



EXAMPLE 


1 <*) 


2 


3 




5 i*) 


Hot pressure 
resistance 

(%) 


30 


97.5 




. 

97 


. 

90 


ESCR 
(hours) 


< 24 


96 


9€ 


72 


> 500 


Shore D 


SO 


55 


55 


57 


56 



(*) : comparative. 



The data above reported show that the coating 
materials according to the present invention (Sxans>3Les 2- 
4) have hot pressure resistance and ^hore D hardness 
values higher with respect to those obtained from recycled 
polyethylene alone (Exanple 1) and conparable or even 
higher with respect to those obtained from a commercial 
product (Exanpie 5) . With regard to the stress cracking 
resistance, the coating material according ^o the present 
invention shows improved values with respect to those 
obtained from recycled polyethylene alone. 
Examples 6-10 

Small cables were then prepar^ed by extruding the 
coating materials according to Examples 1-S onto a single 
red copper wire with a cross -section of 1.5 ram^, so aa to 
obtain a 3.4 mm thick cable. The extrusion was oarried out 
by means of a 45 mm Bandera s ingle ~ screw extruder in 2S D 
configuration, with rotary speed of about 4S rev/min. The 
speed line was about 10 m/min, with teirperatvire in the 
various zones of the isxtruder of 115-1£0-190-190-180<>C, 
the temperature of the extrusion head was 180 <»C 

Samples were taken with hand punches from the extruded 
layer to measure its mechanioal properties in accordance 
with CEI 20-34, section S.l, with an Instron instruirent at 
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a draw speed of 25 mm/min. The obtained data ar^ giv^n in 
Table 4. 

TABIiE 4 



EXAMPLE 


6 (*) 


7 


8 


9 


lO <*) 


Stress at 
break (MPa) 


15,8 


19.4 


18.9 


19.8 


20.9 


Elongation at 
break (%) 


515 


622 


629 


«S0 


710 



(*) : comparative. 



The data above reported show that the ooating 
materials according to the present invention (Exanples 7- 
9) have mechanical properties higher with respect to those 
obtained from recycled polyethylene alone ^Exanple 6) and 
coTtiparable to those obtained from a commercial product 
(Example 10) . 

Fur thearmore , two sainpl^s obtained as reported abov^ 
were also examined in order to determine the pr<esenoe of 
defects on the surface of the extruded <:oating layers: the 
enclosed photo (Pig. 8 - full scale) shows that the 
extruded coating layer obtained from recycled i>plyethylene 
alone [Example 6 - satr5)le <A) ] showed the presex>ce of 
defects on its surface (e.g. small agglomerates are 
present) ; on the contrary, the extruded coating layers 
obtained from the coating material according to the 
present invention {Examples 9 - sample <B) ] did not show 
any detectable defects on i-ts surfa^ce. 
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